We sought to evaluate the validity of two non-technical skills evaluation instruments, the Anaesthetists' Non-Technical Skills (ANTS) behavioural marker system and the Ottawa Global Rating Scale (GRS), to apply them to anaesthesia training. The content validity, response process, internal structure, relations with other variables and consequences were described for validity evidence. Simulated crisis management sessions were initiated during which two trained raters evaluated the performance of postgraduate first-, second-and third-year (PGY-1, PGY-2 and PGY-3) anaesthesia residents. The study included 70 participants, composed of 24 PGY-1, 24 PGY-2 and 22 PGY-3 residents. Both instruments differentiated the non-technical skills of PGY-1 from PGY-3 residents (P <0.05). Inter-rater agreement was measured using the intraclass correlation coefficient. For the ANTS instrument, the intraclass correlation coefficients for task management, team-working, situation awareness and decision-making were 0.79, 0.34, 0.81 and 0.70, respectively. For the Ottawa GRS, the intraclass correlation coefficients for overall performance, leadership, problem-solving, situation awareness, resource utilisation and communication skills were 0.86, 0.83, 0.84, 0.87, 0.80 and 0.86, respectively. The Cronbach's alpha for internal consistency of the ANTS instrument was 0.93, and was 0.96 for the Ottawa GRS. There was a high correlation between the ANTS and Ottawa GRS. The raters reported the ease of use of the Ottawa GRS compared to the ANTS. We found sufficient evidence of validity in the ANTS instrument and the Ottawa GRS for the evaluation of non-technical skills in a simulated anaesthesia setting, but the Ottawa GRS was more practical and had higher reliability.
Patient safety is a key goal for high-reliability healthcare organisations. Despite an improved understanding of diseases and their treatment, and the use of improved technology and drugs, there are still significant numbers of deaths resulting from human error in healthcare 1 . The dynamic and stressful environment of the operating room, together with the complexities of surgical techniques and patient comorbidities require continual vigilance by anaesthetists 2 . Competent anaesthetists must possess specific characteristics and behaviours related to their practice, encompassing knowledge, technical skills and non-technical skills 3 . The latter include, for example, the ability to communicate clearly with patients and colleagues, work as an effective team member, and have the confidence and vigilance to make timely and appropriate decisions. It has been proposed that these nontechnical skills should be taught as part of reformed training programs to improve patient outcomes 4 .
Non-technical skills are "the cognitive, social and personal resource skills that complement technical skills, and contribute to safe and efficient task performance" 5 . These skills are not just desirable, they are essential for every anaesthetist. Non-technical skills can be subdivided into cognitive or mental skills, and social or interpersonal skills 6 . In any situation, more than one of these skills is required, together with medical knowledge, to achieve the best possible outcomes for patients.
Non-technical skills training should be integrated into the curriculum as early as possible. Residents participating in Thailand's three-year anaesthesia training program are taught the importance of non-technical skills for patient safety by means of lectures, peer review of interesting cases, bedside teaching and simulation-based training. Reflective learning from experience and feedback are effective methods for behavioural improvement 7 . Assessment is incorporated into the program, so that the trainees can understand their progress, and to promote further improvement.
There are several assessment instruments for non-technical skills, including the Anaesthetists' Non-Technical Skills (ANTS) taxonomy and behavioural rating instrument 8 , assessments of crisis management behaviours 9 , the Ottawa Global Rating Scale (Ottawa GRS) and checklist 10, 11 , and the Mayo High-Performance Teamwork Scale 12 . In this study, we focused on the ANTS and Ottawa GRS tools, two instruments with different characteristics that are frequently used on our training program. The ANTS instrument is a well-recognised instrument that was specifically designed for anaesthetists by a group of anaesthetists and psychologists in the United Kingdom. It has a range of essential categories, each of which has detailed elements. The Ottawa GRS, an instrument developed for crisis resource management skill assessment, was designed for acute care physicians. It has well-defined rating scales for each of its categories. The validity and reliability of the two instruments are well established 8, 10, 11 ; however, there is no criterion standard.
The objective of this study was to evaluate the validity of the ANTS and Ottawa GRS rating instruments in anaesthesia residents undergoing simulated crisis management scenarios and apply these two tools to the assessment process. Because validity is a unitary concept, we needed to gather evidence that supports the intended interpretation of the test scores 13 . The five-category validity evidence framework (test content, response process, internal structure, relations to other variables and consequences of testing) was considered [13] [14] [15] , which focuses on collecting evidence that supports the validity of the test. Test content evidence refers to the relationship between the content and what needs to be measured. Response process evidence refers to the responses of the examiner and examinee that correspond with the intended assessment design, including quality control. Internal structure evidence refers to the relationships between the items of the test and its construct. Relations to other variables evidence refers to the relationships between the test score and the training level, and the relationships between the test and other measurements. Consequences evidence refers to the effect of the test results, and the actions taken according to them.
Methods
After the study protocol was approved by the Ethical Committee of Siriraj Institutional Review Board (SI170/2015), the ANTS and Ottawa GRS instruments were translated into Thai and applied to the simulated scenarios in the anaesthesia resident training program at our institution.
Both instruments were translated from English into Thai by an anaesthetist familiar with non-technical skills training and fluent in both languages. The Thai versions were then translated back into English by another independent anaesthetist and subsequently compared with the original English version by a native English-speaking professional translator. Modifications were then made to the Thai translations to achieve the correct meaning.
The appropriateness of the content and the ability to measure behaviours of the Thai versions of the ANTS and Ottawa GRS instruments were evaluated using the item objective congruence index by five experts in non-technical skills (three anaesthetists, a surgeon and an emergency medicine physician). Scores of +1 (agree), 0 (uncertain) and -1 (disagree) were allocated by the assessors for each item. Both instruments were then reviewed by an expert panel independent of the assessment process, to group the ANTS categories into the Ottawa GRS criteria so that they could be used in the correlation analysis.
The assessment instruments were then used to assess the performances of anaesthesia residents during a simulated crisis management scenario. In Thailand, anaesthesia residents undergo three years of training. All postgraduate first-, second-and third-year (PGY-1, PGY-2 and PGY-3) anaesthesia residents on the anaesthesia residency program at Siriraj Hospital, Mahidol University, Bangkok, were included in this study. Informed consent from participants was obtained by a nurse who was independent of the training program.
Scenario development
A scenario was developed to test the residents' nontechnical skills. An unexpected cardiac arrest during emergence from anaesthesia was chosen, as cardiac arrest management is performed according to standard guidelines that anaesthesia residents are expected to know. The scenario was adapted from real experience of an operating room cardiac arrest of a patient with undiagnosed Takotsubo cardiomyopathy who developed pulseless ventricular tachycardia after reversal of neuromuscular blockade. None of the participants knew of the case or had experienced a similar case before. All aspects of the ANTS and Ottawa GRS instruments were scripted into the expected performance behaviours. Three confederates, a nurse anaesthetist, a scrub nurse and a surgical resident, were involved in the scenario, which was rehearsed to ensure standardisation.
The simulation session
The simulation laboratory was configured as an operating room with a full-body manikin patient simulator (SimMan 3G; Laerdal Medical, Stavanger, Norway). Essential equipment, such as patient monitoring, a defibrillator, a resuscitation trolley, a cardiopulmonary resuscitation board and extra intravenous catheters were provided. Participants were briefed about the scenario and the equipment before the start of the session. The participant was assigned the role of the anaesthetist in charge of a 45-year-old woman (American Society of Anesthesiologists physical status classification 1) undergoing laparoscopic myomectomy. The scenario started when surgery had finished. The procedure had been uneventful and the nurse anaesthetist was about to reverse neuromuscular blockade and extubate the trachea. After the reversal agent was given, the patient developed pulseless ventricular tachycardia. Return of spontaneous circulation was achieved after the first defibrillation. Video of the session was recorded for assessment purposes.
The assessment process
The participants' videotaped performances were evaluated by two raters. Both were anaesthetists who were simulation educators, non-technical skills instructors at the faculty, and had experience in performance assessment. They had been trained to use the ANTS and Ottawa GRS instruments, had reviewed potential sources of bias, viewed footage of the scenario with a particular focus on non-technical skills behaviour, and had subsequently assessed example crisis management videos until an intraclass correlation coefficient (ICC) >0.8 was achieved for both instruments. Thereafter, they individually assessed the anaesthesia residents' performances in random order. Each performance was evaluated using both instruments.
After the completion of the assessments, the raters were asked for their views on the practicality of the instruments. The results of this study were subsequently reviewed by the academic committee of the department to improve the anaesthesia training curriculum.
Measurement of validity evidence
The validity evidence of the test was measured according to American Educational Research Association/American Psychological Association/National Council on Measurement in Education standards for educational and psychological testing 13 . The content validity was evaluated in the Thai versions with the item objective congruence from the experts. The response process data were obtained from a study group discussion of source of error and the quality control of assessment. The internal structure of each test was evaluated by its internal consistency and inter-rater reliability. The relationship with the other variables was measured by the ability to discriminate the score between PGY-1 and PGY-3 trainees, and the relationship between the scores of the relevant items in the ANTS and Ottawa GRS instruments. The consequences evidence was assessed from the practicality of the test and the academic committee's determination on integration into the curriculum. The response process and consequences evidence are presented in the Discussion section.
Statistical analysis
Statistical analysis was conducted using PASW Statistics (version 18; SPSS Inc., Chicago, IL, USA). Demographic data are presented as the mean (± standard deviation) and frequencies. Cronbach's alpha was used to assess the internal consistency of the test. The scores obtained using the ANTS and Ottawa GRS instruments were analysed for all three participant groups, using one-way analysis of variance, the F-test and Bonferroni multiple comparisons. The inter-rater reliability was evaluated using the ICC, with a 95% confidence interval (95% CI) based on mean rating (K=2), absolute agreement, and a two-way, mixed-effect model for both instruments. The correlations between the ANTS and Ottawa GRS instruments were tested by Spearman rank correlation. A P-value <0.05 was considered statistically significant.
Results

Content evidence
The Thai version was reviewed for item objective congruence after translation. All categories and elements of the ANTS and Ottawa GRS instruments were acknowledged by the experts as components of essential, non-technical skills. The original frameworks were maintained, and only the Thai wording was clarified.
Internal structure evidence
The Thai versions of both instruments were used for the assessment process. There were 70 participants in this study, of whom 24 were in PGY-1, 24 in PGY-2 and 22 in PGY-3 ( Table 1 ). The Cronbach's alpha of the ANTS instrument was 0.93, and of the Ottawa GRS was 0.96.
The inter-rater reliability test was conducted on the ANTS 
Relationship with other variables evidence
A comparison was made of the scores of the three groups of participants for each element and category of the ANTS and Ottawa GRS instruments (Tables 4 and 5 ). Significant differences in the scores of the PGY-1 and PGY-3 participants were found for all elements and categories for both instruments (P <0.05 for all analyses).
The elements of the ANTS instrument were categorised using the Ottawa GRS criteria ( Table 6 ). The comparable ANTS and Ottawa GRS scores were calculated as proportions and compared with the Ottawa GRS. The results showed a correlation of 0.89, 0.82, 0.88, 0.85 and 0.73 for leadership, problem-solving, situation awareness, resource utilisation and communication, respectively (P <0.001, Table 7 ).
Discussion
Assessment is an essential aspect of all training programs, including non-technical skills training. A reliable assessment instrument must be employed. Instrument validation cannot be completely achieved, but we can collect validation Table 5 Ottawa Global Rating Scale scores of first-, second-and third-year postgraduate trainee anaesthetists evidence 16 . In this study, we demonstrated the evidence of validity of the ANTS and Ottawa GRS instruments in five domains during an evaluation of anaesthesia crisis management in a simulated situation.
In the case of the content validity evidence, both instruments are well developed 8, 11 and widely used. However, as it is a subjective measurement, the meaning of the expected behaviour must be addressed carefully and clearly. In this study, we translated the ANTS and Ottawa GRS instruments into Thai, with subsequent expert review to simplify the two instruments and make them compatible with Thai culture. Our expert panel agreed with all aspects of both instruments with no change in the framework from the original versions, with only the Thai wording requiring clarification.
This study exhibited substantial internal structural validity. Cronbach's alpha was used for internal consistency. The values of 0.93 for the ANTS instrument and 0.96 for the Ottawa GRS represented acceptable unidimensionality of the tests, as values ranging from 0.70 to 0.95 are considered acceptable 17 . This observation could be explained by correlations between the behaviour of each item. The raters' interpretation of the scoring items would also have an effect if they were not able to discriminate differences across the items. However, a Cronbach's alpha >0.90 might suggest the presence of unnecessary items 17 .
The participants' performances were assessed by two evaluators. We considered an ICC <0.50 to indicate poor reliability, 0.50 to 0.75 moderate reliability, 0.75 to 0.90 good reliability and >0.90 to be excellent reliability, with a correlation of 95% CI 18 . There were mixed results for the ICCs of the ANTS instrument. We found poor reliability for the team-working category and the elements within it. By comparison, the task management, situation awareness and decision-making categories displayed moderate levels of reliability. As for the Ottawa GRS, it had moderate to good ICCs for every aspect. The differences in inter-rater reliability might be explained by the complexity of the teamwork behaviour, which influences raters' observation ability. Both instruments are considered to be rating scales, but the ANTS instrument comprises more detailed elements than the Ottawa GRS, which might result in differences in the opportunities for raters to assess certain performances. Although a checklist or rating scale can be used to assess team skills 19 , there is a body of opinion that a rating scale by an expert would be more appropriate and flexible 10, 20 when the key action cannot be determined from the dynamic scenario.
In terms of relations to other variables, we were able to differentiate between the performances of the PGY-1 and PGY-3 participants for all elements and categories of the ANTS and Ottawa GRS instruments. The additional knowledge and experience of cardiac arrest management of PGY-3 participants might have influenced the results, as nontechnical skills complement knowledge and psychomotor skills to improve patient safety 5 . There is a body of evidence demonstrating this correlation 21, 22 . The lack of a skill would likely influence a patient's outcome. It is not possible to separate knowledge and technical skills completely from the assessment of non-technical skills. The key action must still be addressed, and can be judged as providing and maintaining standards in the ANTS instrument or as a problem-solving skill in the Ottawa GRS.
We used an expert panel to categorise the ANTS instrument elements into the Ottawa GRS criteria. This type of validity evidence was considered to evaluate the role of the Ottawa GRS in anaesthesia assessment. The interpretation of the comparable elements was challenging. For example, the ANTS instrument has no specific leadership category, although its elements adequately provide for assessment of the characteristics of leadership. Teamwork in the operating theatre is complex. An anaesthetist might prefer implicit cooperation with low demonstration of leadership in routine work, and only display leadership in a crisis 23 . Some elements could not be classified by one criterion. For example, task prioritisation is a characteristic of leadership 5 and a component of resource utilisation skills 10 . After intensive review, a strongly positive correlation of 0.70 to 0.90 was found for every item 24 . These results indicate that both instruments can be used interchangeably. The response process validity evidence was analysed by evaluating factors influencing sources of error due to the raters and the participants. We used simulation as a medium for evaluation. Although the use of simulation is beneficial in non-technical skills training 25 , there is limited evidence for its role in assessment. Care should be taken with the scenario design, configuration of the simulation session and the assessment process. Our simulated case was designed with specific, non-technical skills event triggers, and only process-centred outcomes were used for assessment 26 . The well-scripted scenario led the participants to demonstrate the expected behaviour and directed the assessors to score the expected performance. For example, if the resident did not detect ventricular tachycardia, he or she was considered to lack situation awareness. In this circumstance, the resident was cued within one minute to allow the scenario to continue. The confederates had to be well-trained for this purpose, and the raters required comprehensive training in error recognition and behavioural observation 27 . A rater error training strategy was required to reduce the possibility of rater error, such as avoidance of extreme scores and the possibility of past performance influencing subsequent scoring. Behavioural observation training strategy was achieved by emphasising to the rater the specific key point of the expected behaviour in the scenario. With subjective measurements, raters must be able to differentiate clearly between good and bad performance. The process-centred outcome scenario and the effective rater training complemented the high validity and reliability of our study. Rater accuracy could, however, be further improved by measuring the correlation between the scores allocated by raters and experts judging the same behaviour.
Other than the simulation scenario and the assessment process, limitations in behaviour assessment could arise for other reasons 5 . We could not identify every aspect of the participants' performances throughout the video observations, and we may have missed some behaviours. Furthermore, familiarity with working in the simulation laboratory might have influenced performance; PGY-3 participants were more familiar with the simulator than their PGY-1 colleagues. More simulated scenarios will be needed to improve the study design.
We undertook this study due to the arbitrary use of either the ANTS or the Ottawa GRS instruments in our anaesthesia training. The consequence validity evidence from both raters was used to assess the practicality of the instruments. The professional, specific non-technical skills checklist used in the ANTS instrument is beneficial for debriefing sessions and thus formative assessment. In comparison, the nonprofessional, specific, global rating scale used in the Ottawa GRS is also of benefit in summative assessment of specialties and professions other than anaesthesia, the terms used are easier to understand and assessment is quicker. Residents' scores will also lead to improvements in the training program. There were many elements in the ANTS and Ottawa GRS instruments for which the PGY-2 group showed no differences from the PGY-1 group. Consequently, our training program should be re-evaluated to integrate more nontechnical skill components into the second year of training.
The ANTS and Ottawa GRS instruments shared various aspects of validity evidence and correlated well with each other in anaesthesia assessment in the simulation. With a well-scripted scenario and well-trained raters, the Ottawa GRS offered a better ICC score and was more user-friendly, which is important in a complex assessment. The ANTS instrument is content-specific and raises points that can be used in subsequent debriefings. Further study with multiple simulated scenarios is recommended to examine the application of both instruments in more detail.
